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Abstract 
The Abisko Scientific Research Station (ANS) is located in the far north of Sweden, in a 
subarctic environment inhabited mostly by the Sami people. ANS has conducted research 
for more than hundred years, with its current focus set on interdisciplinary research regard-
ing the effects of climate-change on the subarctic environment. 
Since the subarctic region changes faster than many other regions, ANS attracts climate 
change scientists from all over the world, with approximately 500 visitors per year, result-
ing in large numbers of data being generated. The present study focused on observations of 
temperature changes in the region, utilizing a database covering the Abisko region. 
As a result of climate change, geographic characteristics of the vegetation in the Abisko 
region are changing, propagating at a speed determined by micro-climatic conditions such 
as aspect and elevation. Temperature may be considered as an effect of such micro-
climatic factors, and is in conjunction with soil properties determining the vegetation char-
acteristics. 
 
Keywords: Abisko, research, temperature, climate change, vegetation, reindeer. 
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1 Introduction 
1.1 Food habits of the reindeer in Sweden 
The reindeer (an ungulate) in Sweden usually change their feeding habits in line 
with the changes of season, to ensure finding sufficient food for survival, repro-
duction, feeding their calves and defending them as well as themselves. 
White (1981) reported that during summer, the reindeer migrate to open areas in 
order to find the desired food, e.g. grasses, sedges, shrubs and herbs. 
Some of the nutritious plants preferred by reindeer in Scandinavia have been di-
scussed by Alaurikka & Skuncke in 1964 and 1958: 
 Shrubs, such as Empetrum nigrum (crowberry) and Vaccinium myrtillus (blue-
berry). 
 Willows: Salix Lapponum, Salix Lanata, Salix Hastata and Salix Herbacea. 
 Trees: downy and mountain birches such as Betula nana and Betula tortuosa as 
well as aspens, Populus tremula. 
 Mushrooms utilized by reindeer: Boletus edulis, Helvella and Polyporus, and 
among Gastromycetes: Bovista migrecens. 
 Elk heaths: Deschampsia flexuosa and Deschampsia caespitose. 
 Meadow grasses: Poa remota, Poa pratensis, Poa palustris, Calamagrostis 
neglecta, Festucae ovina, F. pratensis and Agrostis borealis, Tryfolium hy-
bridum and Tryfolium pratense. 
As the winter arrives, the reindeer migrate to forested areas where they will 
spend the rest of the season.  
The winter feeding is very different from the summer feeding; many summer 
plants do not survive during the winter season.  
Klein (1986) reported that reindeer survive during winter by feeding from 
lichens and some vascular species. There are 18 vascular species suitable for rein-
deer feeding described (Skogland 1980). 
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Age is another important factor influencing the diet of reindeer. During their 
growth, calves feed mainly on young plants, leaves and grasses (Skjenneberg and 
Slagsvold 1968). 
During winter in Scandinavia (Ahti 1961), the most common winter plant 
utilized by reindeer is Deschampsia flexuosa. The reindeer are furthermore able to 
dig up the juicy roots of semi-frozen plants. Examples are Menyanthes trifoliate, 
Comarum palustre and various sedges, i.e. Carex rostata. 
Lichens are the most important food source for reindeer during the winter sea-
son. Ahti (1961) showed that lichens make up 85-90% of the food supplies of re-
indeer during winter. In contrast, only 20% of their summer diet consists of 
lichens (Herre 1955). 
Lichens may be divided into three different groups: 
 The first group includes the chief types of Cladonia alpestris; a plant never re-
aching a height of more than 15 cm. The growth rate of this lichen keeps ahead 
of grazing rates. 
 The second group is the most extensive one and includes Cladonia rangiferina 
and Cladonia mitis. These lichens usually grow 3 – 7 cm thick, depending on 
grazing intensity. 
 The third group comprises the Stereocaulon paschale, found in areas of high 
intensity grazing. 
1.2 Abisko National Park 
1.2.1 Location 
The Abisko Valley is situated at 68º21’ latitude N and 19º0’ longitude E. It is situ-
ated in the Scandinavian mountains in northern Sweden at an altitude of 340 - 580 
m, and surrounded by mountains ranging in height from 1000 to 1750 m, except 
on the north side where the valley is open to the Torneträsk, a lake with an area of 
330 km2 and a drainage area of 3300 km2. The maximum depth of the lake is 182 
m and its mean depth is 52 m.” (Ekman, 1957). 
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Figure 1. Area which is situated the Abisko National Park 
 
An ice cover is formed on the lake in the beginning of winter, breaking up as 
summer arrives. (Figures 2, 3 & 4). 
1.2.2 Vegetation 
The Torneträsk area is located between two latitudinal biogeographic zones, i.e. 
the coniferous forest of the Northern Boreal Zone and the Alpine Zone 
(Fennoscandia) (Sjors 1956). Pines, Picea alba, grow in the south-facing slopes of 
the Abisko Valley. 
The alpine zone can be divided into three different biogeographic zones of dif-
ferent altitude. These areas are defined as high, medium and low alpine zones. In 
the low alpine zone, the dominant mountain vegetation type is birch forest (Betula 
pubescens ssp. Tortuosa). 
In the western region of Torneträsk, the treeline is located at an elevation of 550 
- 650 meters, except for the western part of the region, where the treeline is located 
at about 750 meters (Sonesson and Lundberg 1974). The most common type of 
forest in the Abisko valley is the birch forest, where the understory is dominated 
by mosses (Ahti 1961). 
The understory of Abisko consists mainly of grasses, herbs, ferns, blueberry 
(Vaccinium myrtillus) and the genus Empetrum (Empetrum hermaphroditum) 
(Rune 1965). This understory is further composed by a mixture of lichens and 
moss-rich shrub. Where favorable enough groundwater conditions prevail, tall 
herbs, lush meadow, and alpine birch forest are added (Figure 4). 
At dry nutrient-poor soils, Empetrum empetrum and Vaccinium myrtillus are 
typically found. Wetter soil conditions and abundant snow cover are indicated by 
the presence of Vaccinium myrtillus. 
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Subalpine shrubs are found in the birch forest, while dry heaths occur along the 
Torneträsk, where they are heavily exposed to the wind. In the Abisko valley wet-
lands, the vegetation consists of mires, bogs and fen hummocks with grasses and 
mosses. 
Blueberry (V. myrtillus.) grows above the tree line in the alpine zone (Rune 
1965).  
In the medium alpine zone, the dwarf shrubs, Empetrum hermaphroditum, Ar-
ctostaphylos alpina and Louiseleurea procumbens grow. Finally, the flora in 
grassy areas includes Dryas octopetala, Silene acualis, Saxifraga oppositifolea 
and Pedicularis flammea. 
 
 
 
Figure 2. Map of Abisko area, using ArcGlobe 
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Figure 3. Boundaries of Abisko National Park, using ArcGIS 
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Figure 4. Vegetation map of Abisko, using ArcGIS. (Different colors represent 
different types of vegetation). 
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1.2.3 Temperature 
 
1.2.3.1 Air temperature 
The mean annual air temperature at Abisko Scientific Research Station varies 
through time. During the period 1951 - 1980 it was -0.9 ºC (Eriksson and Valto-
nen, 1974), 1913 – 1987 -0.79 ºC (Abisko Research Station unpublished data), 
1913 – 1960, it was-1.0 ºC and between1966 – 1988, -1.1 ºC. 
January and February are the coldest months with mean temperatures ranging 
between -12.5 ºC and -11.5 ºC (1966-88). The absolute minimum temperature re-
ported was -38.9 ºC on January 28, 1978, the annual range usually being between -
20 to -30 ºC. The absolute maximum temperature reported in the area was 31.3 ºC 
on July 14, 1954 (Abisko Research Station, unpublished data). Between 1966 and 
1988, the mean temperatures of the warmest summer months July and August 
were 11.1 and 9.5 ºC, respectively. 
 
1.2.3.2 Ground temperature 
The ground temperature has been measured at Abisko Scientific Research Station 
since 1913, by means of ocular readings of mercury thermometers, placed at 
depths ranging between 5 and 200 cm. 
The thermal pattern of the ground at Abisko is dominated by freezing and thaw-
ing alternating seasonally. Freezing usually starts in October (Stenborg 1965), 
leaving the ground frozen from November to May. The frost penetrates each year 
to a depth of 1 to 1.5 m, and may, during certain years, penetrate to 2 m depth 
(Ekman 1957). 
The mean annual temperature, measured at 200 cm depth, ranges from a mini-
mum of 0.4 ºC to a maximum of 2.6 ºC in the period 1926 – 1934 (Abisko Re-
search Station unpublished data). 
1.3 Temperature trends 2000 - 2100 
It is necessary to explain a bit about the Climate change and how this can affect 
the vegetation of the Abisko National Park. In order to do that a recent study from 
Princeton University (Randall, 2007) will be utilized (Figure 5). 
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Figure 5. Temperature trends 2000 – 2100, Princeton University, NJ. (Randall, 
2007) 
 
In figure 5, global temperature trends from 2000 to 2100 have been realized us-
ing the GFDL model (Geophysical Fluid Dynamics Laboratory). At the global 
scale, it is predicted that CO2 concentrations will double and temperature increase 
by 3.7 °C from 2000 to 2100. It is also predicted that the most dramatic change of 
temperature will occur at the Arctic Circle, where they are expected to increase 
from 6.9 to 15.3 0C during 2000 to 2100. 
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2 Objectives 
 
 In this study, we wish to utilize new data from Abisko (elevation, tempe-
rature, and vegetation) in order to establish a correlation across micro-
climatic factors and vegetation characteristics. 
 
 We wish to use the resulting correlative expression to predict how global 
warming will affect future food resources for reindeer husbandry. 
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3 Materials & Methods 
3.1 Introduction 
In order to establish a relation between the micro-climatic factors and the vegetat-
ion of the Abisko National Park, it will be necessary to work with specialized 
software. The Geographic Information Systems (GIS) software package ArcGIS 
will be adequate for assessing data regarding temperature, vegetation and elevat-
ion of the studied area. In order to correlate these geographically distributed data 
with data regarding vegetation cover, the statistically oriented software package 
STATISTICA will be used to perform ordinal regression analysis. 
All the data has been obtained from the ANS (Abisko Scientific Research Stat-
ion), which has been measuring different variables in the Abisko National Park 
since 1903. In addition, digital maps such as ortho-photos and roadmaps have been 
used. 
Based on the above data, ArcGIS was used for retrieving data from the digital 
maps, and for forwarding them into STATISTICA for further statistical inference. 
In ArcGIS there is an important application which is called ArcCatalog, which 
was used for setting up a project Geo-database and for consecutive data manage-
ment. The analysis tools required in the project were specially tailored within 
another important application called ArcGIS ModelBuilder. 
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3.2 Adaptation of the obtained data 
3.2.1 ModelBuilder application 
In order to facilitate an understanding about how data was managed, a ModelBuil-
der preview (Figure 6) will be used for a step-by-step illustration of data adaption. 
In terms of ArcGIS, ModelBuilder was used to create a new feature class which 
contains data regarding elevation, vegetation, and temperature; all these variables 
are associated with XY coordinates (location). 
 
Figure 6. ModelBuilder, tool to produce the intersection of the desired data. 
(From left to right) 
 
The yellow rectangles of figure 6 are assigned to the different tools that we will 
use in the Model Builder to produce the final input data that will be used in the 
STATISTICA software. The principal reason to use ModelBuilder, rather than 
manual operation, is that we wish to adapt large quantities of data and simultane-
ously control the error propagation through many individual GIS operations. 
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The total data cover contains 33,000 point-wise notations of the respective vari-
ables temperature, vegetation, elevation, and location, throughout the Abisko Nat-
ional Park. 
In order to efficiently develop the ModelBuilder application, it will be subdi-
vided into five different constituents. The first two will be called the “Clip tool” 
which will reduce the amount of data concerning the studied area (view figure 7). 
 
Figure 7. Studied Area of Abisko National Park. (Have been used only the po-
lygons inside the studied area). 
 
After having applied the clip tool, we will introduce the elevation and vegetat-
ion data. Elevation data (Figure 8) requires special attention, since we want to ex-
tract point-wise data from an elevation raster that coheres with the locations of 
point-wise assessed vector data. 
Once we have the vegetation and the temperature with elevation data joined, we 
will proceed to intersect the data. But before, it will be important to adapt the ve-
getation data to the desired raster format, related with our interests regarding Re-
indeer Husbandry. 
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Figure 8. Elevation map of Abisko National Park 
3.2.2 The special case of the vegetation data 
It is important to study vegetation data separately due to the difficult understan-
ding involved. This data is initially given as polygons which explain the type of 
vegetation situated through the Abisko valley (view Figure 9). But, if we look to 
the attributes of these polygons, these vegetation types have been encoded nomi-
nally in accordance with the National Swedish convention of vegetation nomen-
clature. However, we need to transform this nominal scale into an ordinal ditto, 
since we need to range vegetation polygons with respect to their value for reindeer 
foraging and husbandry. 
To solve this transformation across nominal and ordinal scales, we estimated 
ordinal values depending on i) the interest of the reindeer feeding, ii) vegetation 
abundance through different seasons of the year, and iii) annually varying vegetat-
ion exposure to annually migrating reindeer. 
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Figure 9. Different codifications of the vegetation polygons 
 
Figure 10. Table which explains the different values depending of the different 
type of vegetation 
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For example, the vegetation class called Lichen rich moor birch forest, has a va-
lue of 2/2 if we talk about its suitability for reindeer foraging, which is due to the 
lichen being the most important food source for the reindeers during mostly winter 
season in the Abisko area, Ahti (1961). But regarding the value referred to as “Re-
indeer Vegetation Interests” it has 9/10 when we have considered that in this case 
the reindeers during the summer season prefer to eat other sources of food such as; 
meadow from deciduous forest (Figure 10) (Alaurikka, 1964). 
Also there are polygons with a 0 value. These polygons comprise; blocks, glaci-
ers, water, snow-patches, dense populated areas, and undefined polygons. It is ne-
cessary to mention that the water is considered as 0 value due to in the Abisko 
National Park the water is very easy to find and with a very good quality too. 
3.2.3 The temperature data 
Finally, the last variable that we need to explain is the Temperature data. The data 
that we have received from the ANS, it pertains to the months of January and July 
of the years; 1913, 1996 and 2006. All temperatures are supplied with their associ-
ated XY coordinates. 
   The format wherein we received this data was as a text file, so we needed to 
adapt this files as shape files to a better understanding for the ArcGIS, STATIS-
TICAL software’s, and specially also for us. To adapt the data we used the 
ArcCatalog as we can observe in the figure 11. We have to select the text file and 
choose create a feature class from XY table option and then, we can create the 
desired shape file. 
The result is the creation of the shape file. In the Figure 12 we can observe the 
points of the temperature data which reflects the location and the temperature that 
has every point. 
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Figure 11. Saving the text file as a shape file (shp.) using ArcCatalog. 
Figure 12. Points which pertain to the temperature shape file. These points will 
be added to the ArcGIS software. 
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3.2.4 The final data 
After to transform all the data and joined adequately it will be necessary to create 
an excel file which will contain all the data studied, (Figure 13). 
 
Figure 13. Excel file which contains all the data studied. The XY coordinates 
reflect every point. 
 
The 33,000 points of data (July & January, from the years 1913, 1996 and 2006) 
contain the X and Y coordinates, Area of interest values, Reindeer vegetation inte-
rests values, Temperature and Elevation values. The Temperature is in 0C and the 
Elevation in meters. 
3.3 STATISTICA software 
Once the final data has been obtained, it will be necessary to use a sophisticated 
statistics tool which contains a suitable algorithm for Ordinal Multinomial 
Regression. This tool pertains to the STATISTICAL software. 
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This formula will be divided in dependent variables and the independent varia-
bles which will try to predict the dependent variable. In our case the dependent 
variable will be the vegetation. 
Dependent variable: 
 T(y) is a link function that transforms binary (y) to the continuous scale of 
Temp. (Temperature, i.e.). 
Independent variables: 
 β0: Constant. 
 βi: Elevation. 
 Temp: Temperature. 
 ε: Residual values such as wind, contamination, etc. (not possible to predict). 
 (0, δ2R): Expected value of ε has to be 0, δ2R is the residual variance. 
 
 
Figure 14. The Ordinal Multinomial Regression in STATISTICA software 
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4 Results 
4.1 The statistically significant correlation 
In order to establish a regression equation, it is necessary to infer whether a 
statistically significant correlation exists between the variables discussed above. 
To show this correlation and then to say that the regressions are significant, we 
have to observe the statistical results (Figures 22 to 27) such as Chi-square and p 
(prob value). If the p value is smaller than 0.05, then the Chi-square is higher than 
1, and the results will be significant. See the Annex for a compilation of statistical 
outputs. 
 
Figure 15. Example of Chi-Square and P value from the July of 1913 
 
In our case, all the diagrams created have a p value smaller than of 0.00 and a 
Chi-square with a value higher than 4000, which means that there exists an ex-
tremely significant correlation between the different variables studied. This strong 
correlation is due to the abundance of data, with approximately 33,000 observat-
ions per variable. 
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Finally, in all the regressions that utilize vegetation data, it will be necessary to 
discard the value 0 per each vegetation codes. This value 0 (as is shown in the fig-
ure 10) pertain to; glaciers, water, dense populated areas, extreme snow patch, 
moderate snow patch, blocks/boulder, flat rocks and undefined lands. These 
materials and soil types appear as a significant constituent in the studied area, but 
must be discarded since they are unimportant with respect to reindeer foraging and 
husbandry. 
Once the regressions are proved to be statistically significant, we can use them 
to predict climate change effects on reindeer husbandry. 
4.2 The importance of the elevation 
Figure 16. Elevation compared with the Temperature (July of 1913 in this case). 
At less elevation will be more temperature. 
 
To develop the objectives it is necessary to describe the correlation between 
elevation and temperature as observed in the Abisko National Park. This influence 
is important due to its effect on vegetation. 
As plotted in figure 16, the Y axis holds elevation data and the X axis the corre-
sponding temperature data. 
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So, it is possible to deduce that at higher altitude there will generally be less 
temperature. For example at 8 0C pertain at 1000 meters of altitude, but at 11 0C 
will pertain at 500 meters of altitude. 
4.3 Mean Plot Temperatures against the Vegetation codes 
Figure 17. Mean Plot Temperature July of 1913 / Area of Interest (left diagram) 
/ Reindeer & Vegetation Interests (right diagram) 
Figure 18. Mean Plot Temperature July of 1996 / Area of Interest (left diagram) 
/ Reindeer & Vegetation Interests (right diagram) 
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Figure 19. Mean Plot Temperature July of 2006 / Area of Interest (left diagram) 
/ Reindeer & Vegetation Interests (right diagram) 
 
The figures; 17, 18 and 19, show the mean values of temperature together with the 
two established vegetation codes. It is important to mention that observed tem-
peratures have been increasing from 1913 to 2006, but that this increase not is sta-
tistically significant (point estimates are increasing but trend is within the 95% 
confidence interval). 
If the value 0 is discarded as discussed above, an ascending regression line will 
appear (Figure 20). This means that the ordinal classification of vegetation is sig-
nificantly correlated with temperature and/or elevation and, hence, that reindeer 
preferences may be partly described using temperature and/or elevation data. 
Regarding the regression diagram (Figure 20) related with the Reindeer & vege-
tation interests, it is possible to subdivide vegetation classes into 3 cluster groups, 
where the 1:st cluster contain vegetation classes 2 and 3, the 2:nd cluster contain 
vegetation classes 5, 6, and 7, and the 3:rd cluster contain the vegetation classes 8 
and 10. 
We conclude that it is possible to create a regression line (Figure 21) that reve-
als that the vegetation preferred by reindeer are correlated with relatively warm 
situations, which means that increasing temperatures are likely to expand suitable 
grazing towards higher altitude, and that this will occur at the expense of vegetat-
ion adapted to colder climate. 
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Figure 20. Imaginary red line which contains the different groups of reindeer & 
vegetation interests 
Figure 21. Mean Plot Elevation  / Area of Interest (left diagram) / Reindeer & 
Vegetation Interests (right diagram) 
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5 Discussions 
 
1. In order to regress temperature on vegetation type, the classification and coding 
of vegetation had to be transformed from the nominal scale type to the ordinal. 
In the official classification of vegetation types, there does not exist any ranking 
across types, i.e. the classification is nominal. This contradicts the usage of re-
gression methodology where interval scale temperature requires at least an or-
dinal regressor. This situation was solved via an estimation of the reindeer for-
aging value of the different vegetation types, which allows for vegetation types 
to be ranked on the ordinal scale. The resulting ordinal values were estimated 
on the basis of literature studies in combination with personal opinions of ex-
perts. They might therefore be subjective and difficult to verify by scientific 
means. 
 
2. With a dense field of temperature data at hand, temperature values are most 
probably spatially correlated. Since the ordinal regression procedures deployed 
assume independent values, an error was introduced that was not accounted for. 
The eventual correlation structures reduce the degrees of freedom assumed by 
the regression procedure, the significance of the associated tests is exaggerated. 
However, with so many measurement vales (n = 33,000), the effect of spatial 
correlation is expectedly small. 
 
3. Although this thesis predicts that increasing mean temperatures will have a 
generally positive effect on the grazing possibilities of reindeer, it says nothing 
about the expected time horizon for such an effect. Neither does it inquire the 
effects of changing extremes. Foreseeing whether the eventual effects of chang-
ing extremes outweigh mean effects lays outside the scope of this thesis. 
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6 Conclusions 
 
 As shown in the results, the vegetation codes best preferred by reindeers have 
been found in the warm spectra of observed summer temperatures, in the ap-
proximate range of 10 to 11 0C. 
 
 If a future scenario of reindeer husbandry is extrapolated in the study area, we 
predict that the most interesting types of vegetation for the reindeers are likely 
to increase with warmer temperatures. 
 
 Since temperature changes with elevation, we predict that the most interesting 
vegetation types are likely to expand uphill, on the expense of vegetation types 
adapted to colder temperatures (and hence to higher altitude). 
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Annex 
 
 
Figure 22. Ordinal Multinomial distribution, July of 1913 / Area of Interest 
table 
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Figure 23. Ordinal Multinomial distribution, July of 1996 / Area of Interest 
table 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 24. Ordinal Multinomial distribution, July of 2006 / Area of Interest 
table 
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Figure 25. Ordinal Multinomial distribution, July of 1913 / Reindeer & Vegetat-
ion interests table 
 
 
 
Figure 26. Ordinal Multinomial distribution, July of 1996 / Reindeer & Vegetat-
ion interests table 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 27. Ordinal Multinomial distribution, July of 2006 / Reindeer & Vegetat-
ion interests table 
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